Ensete ventricosum (Musaceae) is an important food crop in Ethiopia. Germination of zygotic embryos from the two wild types (W01 and W02) of E. ventricosum was investigated in vitro on six media compositions with and without activated charcoal. The germination rate of embryos of W01 on Murashige and Skoog medium without plant growth regulators and activated charcoal was 34%. This increased to 63% when the medium was supplemented with 2.22µM benzyladenine, 1.14µM indole-3acetic acid and 5g l -1 AC. For type W02, germination was
30% when Murashige and Skoog medium was supplemented with 6.66µM benzyladenine, 9.05µM 2,4-D and 1.14µM indole-3-acetic acid in the absence of activated charcoal. This improved to 88% with the inclusion of activated charcoal into the medium. The presence of activated charcoal in the media prevented callus formation and blackening of germinating embryos and promoted germination and seedling development. The development of the embryos was genotype and treatment dependent.
Enset (Ensete ventricosum (Welw.) Cheesman) is an herbaceous perennial belonging to the Musaceae. It is widely cultivated in Ethiopia, mainly as a source of food, although it is also used as a feed and source of fibre. Wild enset types are distributed in south and southwestern Ethiopia in such areas as Ari, Waka, Kefa and Sheka. Kefa Highland is one of the areas identified as a centre of origin for Ensete (Westphal 1975) with a large number of wild enset growing in natural forests. Based on qualitative characteristics, such as colour of plant parts, considerable variability exists among the wild enset plants in the Ari area (Shigeta 1996) . Growers sometimes generate plants from seeds of wild types and then cultivate them in similar ways to the cultivated clones. Wild enset types regenerate through seed, while cultivated ones are mostly vegetatively propagated. The growers in south Ethiopia consider the enset genotype 'Yeshirakinke' as tolerant to enset wilt caused by Xanthomonas campastris cv. musacearum (Spring 1996) . Enset wilt is a devastating disease of E. ventricosum. Enset is diploid (2n = 18) and both wild and cultivated genotypes produce seeds and fertile embryos (Cheesman 1947) . The 'Yeshirakinke' genotype can therefore be used in creating variability for the genetic improvement of enset.
Germination of enset seed, which has a hard coat characteristic of the Musaceae, is very slow and generally poor under natural conditions. The hard seed coat mechanically limits germination, even if water reaches the embryo (Graven et al. 1996) . Seed propagation is therefore not a common practice in enset cultivation. However, propagation by seed can play an important role in enset breeding for variability and germplasm conservation. Germination of intact enset seeds improved when they were exposed to daily alternating temperatures (Bezuneh 1971) , or treated with hot water and scarified (Tesfaye 1992). It was difficult to repeat enhanced germination of intact seeds by hot water treatment (Negash et al. 2000, Diro and Van Staden 2003) . A degree of embryo-imposed dormancy in Musa was reported by Graven et al. (1996) . Mature embryos of bananas were cultured in vitro in a study of the seed germination of Musa (Cox et al. 1960 , Afele and De Langhe 1991 , Asif et al. 2001 . The germination of excised embryos on a simple semi-solid medium, following pre-incubation of the embryos in gibberellic acid (GA 3 ) (Bezuneh 1980 ) and on BA + IAAcontaining medium (Negash et al. 2000) , was also reported. Enset embryo culture is constrained by the failure of seedlings to produce adventitious roots, browning of the culture because of release of cell components, and formation of unwanted callus from cultured embryos (Bezuneh 1980) . Maturity of embryos at excision and the composition of the culture medium also influence the germination of excised embryos (Johri and Rao 1984) .
In this study, information on the germination of zygotic embryos in vitro was generated using seeds from wild enset types. Such information can be used to introduce these wild Introduction types into breeding programmes. This could include cultivated enset types, as only limited work has been done on embryo culture of E. ventricosum in the past. Methods of seed decontamination prior to embryo excision, in vitro germination of the excised embryos and growth of the seedlings were investigated with the aim to produce normal seedlings with well-developed roots and shoots without the formation of callus.
Materials and Methods

Plant material and culture conditions
Seeds of two wild types of E. ventricosum, W01 and W02, were obtained from the Areka Agricultural Research Centre in Ethiopia, three months after harvest. The seeds of W01 were about 14-17mm in diameter and had an average fresh mass of about 2g, and those of W02 were about 13-16mm in diameter with an average mass of up to 1.7g. Only seeds that sunk when placed in water were used for the study. The hard seed coat was ruptured using sterile pliers. The embryos, which usually occur in the micropylar area, were removed with a scalpel and placed on Murashige and Skoog medium (MS) (1962) . The medium was supplemented with 30g l -l sucrose and gelled with 8g l -l agar without activated charcoal (AC) and 11g l -l agar with AC. The pH was adjusted to 5.8 prior to autoclaving at 121°C for 20min.
Decontamination of explants
Based on previous results (Diro and Van Staden 2003) , the seeds of wild enset types (W01 and W02) were decontaminated for 15min in 3.5% sodium hypochlorite and rinsed three times with sterile distilled water. Due to high contamination, a further group of seeds of W02 were used for comparison of decontamination methods. The seeds were first decontaminated for 30min in 3.5% sodium hypochlorite and then rinsed three times with sterile distilled water. The embryos were excised and divided into two groups. The first group of embryos were placed onto medium without further decontamination. The second group of embryos were further decontaminated in 3.5% sodium hypochlorite for 5min and rinsed three times with sterile distilled water. All embryos were placed horizontally on the MS medium supplemented with 2.22µM BA, 1.14µM IAA and 5g l -1 AC.
In vitro embryo germination
In vitro germination of the embryos of the two wild types was investigated using six media compositions, with and without AC. After decontamination the embryos were aseptically excised from the seeds and inoculated on the MS media. The media compositions were: (1) MS only, (2) MS supplemented with (µM) 2.22 BA + 1.14 IAA, (3) 2.22 BA + 0.9 2,4-D, (4) 2.22 BA + 1.14 IAA + 0.9 2,4-D, (5) 6.66 BA + 9.05 2,4-D or 6.66 BA + 9.05 2,4-D + 1.14 IAA. Five g l -1 AC, when used, were added to the medium. Twenty-four embryos per treatment with one embryo per test tube, in two replications, were used. Explanted embryos were incubated in a growth room with a 16h photoperiod and an irradiance of 43µmol m -2 s -1 .
Data collection and statistical analysis
Data on germination and contamination, number of shoots per embryo, shoot and root length and number of roots and leaves per shoot were collected after 4 weeks of culture. Percentage of explants without blackening was used to assess the effect of AC on blackening of cultured embryos. Callus formation was considered when explanted embryos produced clearly visible callus, usually at the base of the shoots. Sometimes embryos formed callus without the development of radicles and epicotyls. The degree of callus formation and of explants free of blackening were calculated based on growing embryos. Embryos were considered to be growing if they gave rise to shoots and/or callus. GenStat 5 (release 4.2) was used to analyse the data. Significant means were separated by least significant differences (LSD) at a 5% probability. Standard errors of means (SE) were also calculated.
Results
Seeds of W01 and W02 enset types which were decontaminated for 15min in 3.5% sodium hypochlorite resulted in about 20% contamination. In another decontamination experiment, using seeds of W02, 83% of the embryos germinated without contamination. When excised embryos were decontaminated for 5min, in addition to the normal decontamination procedure, there was no contamination but all of the embryos died. The results suggest that the embryos in situ are not necessarily sterile, making it difficult to eliminate contaminants from within the seeds during decontamination. With the hard seed coat (Figure 1) , enset seeds do not usually crack but one may suspect microorganisms may enter through the micropyle.
Germination of the embryos in vitro was significantly (P < 0.001) influenced by the interrelated effects of AC, enset type and composition of medium (Table 1) . With these treatments the rates of embryo germination varied from 22 to 88% (Figure 2 ). On the medium without plant growth regula- tors (PGRs) (MC1) the rates of germination were better for type W02 than for W01. Thirty four percent of embryos of W01 germinated on MS medium without PGRs and AC. This germination rate increased to 63% when the medium was supplemented with 2.22µM BA + 1.14µM IAA and 5g l -1 AC. The germination rates for W02 in the absence of AC were 22% on the medium supplemented with 6.66µM BA; and 9.05µM 2,4-D (MC5) and 30% on the medium supplemented with 6.66µM BA; 9.05µM 2,4-D; and 1.14µM IAA (MC6). These improved to over 85% when AC was added to the media. On different media compositions 75-100% embryos of W01 became black in vitro in the absence of AC. These rates of blackening were reduced to less than 25% when AC was added to the media (Table 2) . Almost all embryos produced callus (up to 100%) on the media without AC in the presence of 2,4-D, where shoots and root growth were significantly reduced (Table 3 ). Few roots developed on the media without AC. In the presence of AC, roots were more numerous (6-8), longer (5-13cm) and white and healthy (Tables 3, 4 and Figure 3 ) on different media compositions. The seedlings were acclimatised in a misthouse for two weeks and then grown in a greenhouse.
Discussion
When it occurred, surface contamination of the embryos in vitro appeared a day after inoculation. From the results it seemed that microorganisms might have been present on some of the embryos within the seed coats, and that they could not be eliminated by seed decontamination. Seeds of wild enset were collected after the mother plants fell on the ground due to age and fruits began decomposing. This may have contributed to higher rates of contamination, which indicates the importance of timely seed harvesting and storage. Decontaminating the embryos for 5min, in addition to the seed decontamination for 30min, eliminated contaminants but resulted in total failure of embryo germination. MS medium without PGRs when used with AC resulted in higher germination of embryos of genotype W02. Good germination of zygotic embryos of Musa acuminata was also obtained on MS medium without PGRs (Asif et al. 2001) . BA (6.66µM) and 2,4-D (9.05µM) in the absence of AC promoted callusing. Inclusion of AC into the media avoided formation of callus. AC also reduced browning, promoted germination of the embryos and growth of the seedlings. Therefore, AC appeared to be a remedy for failure of root formation and growth, browning and unwanted callus formation in embryo culture of enset, which were reported as constraints (Bezuneh 1980) . Negash et al. (2000) used IBA to initiate root growth. The present study showed that a separate rooting stage is not needed when AC was added to the media. When used in tissue culture, charcoal can assist in absorbing toxic substances, which may be present in media as a result of autoclaving or produced by cultured tissues. This prevents unwanted callus growth and promotes root formation, where some of the beneficial effect seems to be due to its ability to provide a dark environment (George and Sherrington 1984, Collin and Edwards 1998) . Thus, in order to regenerate healthy seedlings from zygotic embryos of enset, the use of AC is very beneficial.
